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(57) ABSTRACT

The present invention relates to a connection stent and a
method of manufacturing the stent. The connection stent
includes: a body configured to form a plurality of cells
through the intersection of wires, and provided 1n a hollow
cylindrical shape; an upper head formed to extend from one
end of the body to have a diameter larger than that of the
body; and a lower head formed to extend from a remaining
end of the body to have a diameter larger than that of the
body. The upper head and the lower head are respectively
placed to come into contact with 1nsides of heterogeneous
tissues. Accordingly, according to the present invention,
there can be manufactured a stent which can connect het-
crogeneous tissues and form a bypass and which can provide
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suilicient expansion force and minimum axial force for the

maintenance of the bypass formed as described above.

12 Claims, 18 Drawing Sheets
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FIG. 6
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STENT FOR CONNECTING ADJACENT
TISSUES AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. application Ser.

No. 15/301,168, filed Sep. 30, 2016, which 1s national stage
of International Application No. PCT/KR2015/004718, filed
May 12, 2015, which claims the benefit of priority to Korean
Application No. 10-2015-0017323, filed Feb. 4, 2015, 1n the
Korean Intellectual Property Office, the disclosures of which
1s mncorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a stent that forms a bypass
by connecting heterogeneous tissues, and a method of manu-
facturing the stent.

Background Art

In general, stents are used for the purpose of expanding
constricted regions. Stents are formed to be suitable for their
purposes based on the sizes and characteristics of various
types of organs and inner cavities, 1.€., placement targets,
and environments, and are provided to overcome the block-
ing or obstruction of the flow of materials attributable to the
constriction of iner cavities and to ensure the suilicient
diameters of mner cavities for a prolonged period.

Meanwhile, 1n addition to the purpose of expanding a
constricted region, various purposes of stents have been
recently proposed. That is, stents are used to guide various
surgical instruments through their paths and to generate
additional paths for surgical instruments, as well as to
recover the diameters of material paths through expansion.

Preceding documents related to conventional technolo-
gies contrived to use a stent for a purpose, other than the
purpose ol expanding a constricted region, include Korean
Patent Application Publication No. 10-2013-0110413
entitled “Stent for Anastomosis™ (heremafiter referred to as a
“conventional technology™). In this conventional technol-
ogy, a separate connection path connecting heterogeneous
organs 1s formed, the heterogeneous organs are mosculated
together, and the noculation 1s maintained.

However, the conventional technology 1s used for the
purpose ol anastomosis, and thus an inosculated state 1s
maintained by bringing heterogeneous organs into tight
contact with each other and flare parts extending from both
ends of a body are formed to be spread at an obtuse angle.
Accordingly, the conventional technology 1s problematic in
that 1t 1s diflicult to ensure and maintain the diameter of a
path sutlicient for the movement of surgical instruments, and
in that 1t 1s also diflicult to ensure suflicient separation
prevention capability, and thus the stent 1s separated from a
location where the stent 1s placed.

Furthermore, the conventional technology 1s problematic
in that the intersections of the wires of the stent connecting
heterogeneous organs are configured in the same structure,
and thus the metallic fatigue of the wires increases 1n the
process of ensuring and maintaining the diameter of a path
for a surgical istrument, such as an endoscope, against
external forces being exerted on the stent, thereby resulting
in a reduction in the lifespan of the wires constituting the
stent.
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2
DISCLOSURE

Technical Problem

Accordingly, the present mvention 1s intended to over-
come the above-described problems, and an object of the
present invention 1s to provide a connection stent that 1s
formed by weaving two wires 1n a certain manner, thereby
providing the diameter of a path sutlicient for the movement
ol a surgical instrument, such as an endoscope, and ensuring
the structural stability of the formed path, and also provide
a technology capable of manufacturing the connection stent.

Technical Solution

In order to accomplish the above object, the present
invention provides a connection stent, including: a body
configured to form a plurality of cells through the intersec-
tion of wires, and provided 1n a hollow cylindrical shape; an
upper head formed to extend from one end of the body to
have a diameter larger than that of the body; and a lower
head formed to extend from a remaining end of the body to
have a diameter larger than that of the body; wherein the
upper head and the lower head are respectively placed to
come 1nto contact with isides of heterogeneous tissues.

In this case, the upper head includes: a first portion bent
and formed to extend from the one end of the body toward
directions away from an outer circumierence of the body; a
second portion formed to extend from the first portion
toward directions away from the one end of the body i1n a
shape 1n which a diameter thereof 1s increased; and a third
portion formed to extend from the second portion toward
directions away from the one end of the body 1n a shape 1n
which a diameter 1s decreased; and the lower head includes:
a fourth portion bent and formed to extend from the remain-
ing end of the body toward directions away from the outer
circumierence of the body, a fifth portion formed to extend
from the fourth portion toward directions away from the
remaining end of the body in a shape 1n which a diameter
thereof 1s 1ncreased; and a sixth portion formed to extend
from the fifth portion toward directions away from the
remaining end of the body 1n a shape 1n which a diameter 1s
decreased.

Furthermore, the first portion 1s bent from the one end of
the body toward directions away from the outer circumier-
ence of the body at an angle ranging from 83° to 90° with
respect to a central axis of the body; and the fourth portion
1s bent from the remaiming end of the body toward directions
away Irom the outer circumierence of the body at an angle
ranging from 85° to 90° with respect to the central axis of
the body.

In this case, the first portion and the fourth portion are
bent toward directions away from the outer circumierence of
the body at an 1dentical angle with respect to the central axis
of the body, and are provided so as to be opposite to each
other.

Meanwhile, 1n order to accomplish the above object, the
present invention provides a method of manufacturing a
connection stent, the method being configured to form cells
through intersection of at least one wire while moving the
wires from a starting point, as which any one reference
location point 1s set, upward and downward so that the wire
passes over protruding pins located 1n diagonal directions by
using a jig 1n which detachable protruding pins are installed
at all respective location points at which circumierence
division lines and length division lines, formed by equally
dividing a circumiference (W) and length (L) of a cylinder
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having a diameter (R) 1dentical to that of the body of the
connection stent to be manufactured, intersect each other,
the method including: step A of forming a part of a first body
by bending and moving a first wire from a first starting point
at one end of the j1g to a first point at a remaining end of the
11g 1n a zigzag form; step B of forming a lower first head by
repeating a pattern of bending the first wire 1n a zigzag form
from the first point to a first change point at the remaining
end of the j1g along a circumierential surface of a lower head
formation member which 1s fitted around a one end-side
circumierential surface of the jig to protrude and in which
detachable protruding pins are 1nstalled at all location points
corresponding the circumiference division lines on a head
length division line set along one side circumierence; step C
forming a part of the first body by bending and moving the
first wire from the first change point to a second point at the
one end of the j1g 1n a zigzag form; and step D of forming
an upper lirst head by repeating a pattern of bending the first
wire 1n a zigzag form from the second point to the first
staring point along a circumierential surface of an upper
head formation member which 1s fitted around an remaining,
end-side circumierential surface of the jig to protrude and be
opposite to the lower head formation member and 1n which
detachable protruding pins are installed at all location points
corresponding the circumierence division lines on a head
length division line set along one side circumierence.

In this case, step A includes: step A-1 of repeating a zigzag,
bent pattern formed by moving the first wire from the first
starting point along an upward diagonal line by £ (a distance
of the diagonal line extending by one interval between the
length division lines for one interval between the circum-
ference division lines) and then moving the first wire from
that location point along a downward diagonal line by £;
and step A-2 of spacing a location point from the portion
formed at step A-1 by moving the first wire from the end
point of step A-1 along a downward diagonal line by 2§ ;
step C includes: step C-1 of repeating a zigzag bent pattern
tformed by moving the first wire from the first change point
along a downward diagonal line by £ and then moving the
first wire from that location point along an upward diagonal
line by £; and step C-2 of spacing a location point from the
portion formed at step C-1 by moving the first wire from the
end point of step C-1 along an upward diagonal line by 2 ¢ ;
and step A alternately pertorms step A-1 and step A-2, and
step C alternately performs step C-1 and step C-2.

The first point 1s located on the same length division line
as the first change point, 1s also located on the same
circumierence division line as an even-numbered end point
ol a plurality of end points of step A-1, and corresponds to
a last end point of the plurality of end points of step A-1
formed 1n a process 1in which step A-1 and step A-2 are
alternately performed.

Furthermore, the second point i1s located on the same
length division line as the first starting point, 1s also located
on the same circumierence division line as an even-num-
bered end point of a plurality of end points of step C-1, and
corresponds to a last end point of the plurality of end points
of step C-1 formed 1n a process 1n which step C-1 and step
C-2 are alternately performed.

Step B includes: step B-1 of bending the first wire at a first
bending point, reached by moving the first wire from the first
point along a downward diagonal line of tangent lines,
which the lower head formation member forms with the jig,
by £ (a distance of a diagonal line extending by one interval
between the length division lines for one interval between
the circumference division lines), to come 1nto contact with
a lower bent portion forming a ring-shaped bottom surface
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of the lower head formation member; step B-2 of repeating
a zigzag bent pattern formed by moving the first wire bent
from the first bending point of step B-1 along a downward
diagonal line by { (a distance over which movement 1is
performed from the first bending point to a location point,
which corresponds to a circumierence division line corre-
sponding to a location that 1s shifted by three intervals based
on a circumierence division line of the first bending point,
among location points on a head length division line set
within the lower head formation member) along a circum-
terential surface of a lower curved portion formed to extend
in a shape 1n which a diameter of the lower curved portion
1s 1increased from the lower bent portion of the lower head
formation member and 1s then decreased and then moving
the first wire from that location point along an upward
diagonal line by { along the circumierential surface of the
lower curved portion, thereby returming to the first bending
point; and step B-3 of bending the first wire at the first
bending point, reached again via step B-2, to come nto
contact with the circumierential surface of the jig, and then
locating the first wire at the first change point by moving the
first wire from the first bending point along an upward
diagonal line by £.

Furthermore, step D includes: step D-1 of bending the first
wire at a second bending point, reached by moving the first
wire from the second point along a upward diagonal line of
tangent lines, which the upper head formation member
forms with the jig, by f (a distance of a diagonal line
extending by one interval between the length division lines
for one 1nterval between the circumierence division lines), to
come 1nto contact with an upper bent portion forming a
ring-shaped bottom surface of the upper head formation
member; step D-2 of repeating a zigzag bent pattern formed
by moving the first wire bent from the second bending point
of step D-1 along an upward diagonal line by £ (a distance
over which movement i1s performed from the second bend-
ing point to the location point, which corresponds to a
circumierence division line corresponding to a location that
1s shifted by three intervals based on the circumierence
division line of the second bending point, among location
points on the head length division line set within the upper
head formation member) along a circumierential surface of
an upper curved portion formed to extend 1n a shape 1n
which a diameter of the upper curved portion 1s increased
from the upper bent portion of the upper head formation
member and 1s then decreased, and then moving the first
wire from that location point along an upward diagonal line
by £ along the circumierential surface of the upper curved
portion, thereby returning to the second bending point; and
step D-3 of bending the first wire at the second bending
point, reached again via step D-2, to come 1nto contact with
the circumiferential surface of the jig and then locating the
first wire at the first starting point by moving the first wire
from the second bending point along a downward diagonal
line by £.

Furthermore, the method further includes: step E of
forming a part of a second body by bending and moving a
second wire 1n a zigzag form from a second starting point at
the one end of the j1g to a third point at the remaiming end
of the j1g; step F of forming a lower second head by
repeating a pattern of bending the second wire 1n a zigzag
form from the third point to the second change point at the
remaining end of the j1g along the circumierential surface of
the lower head formation member; step G of forming a part
of the second body by bending and moving the second wire
from the second change point to a fourth point at the one end
of the j1g 1n a zigzag form; and step H of forming an upper
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second head by repeating a pattern of bending the second
wire 1n a zigzag form from the fourth point to the second
starting point along the circumierential surface of the upper
head formation member; and the second starting point 1s
located so as to be spaced apart by a predetermined interval
based on the circumierence division lines, on an identical
length division line on which the first starting point is
located.

In this case, the second starting point corresponds to a
location, which 1s shifted 1n a circumierential direction by an
odd number of circumterence division lines, on the 1dentical
length division line on which the first starting point is
located.

Furthermore, step E includes: step E-1 of repeating a
z1gzag bent pattern formed by moving the second wire from
the second starting point along an upward diagonal line by
f (a distance of the diagonal line extending by one interval
between the length division lines for one interval between
the circumierence division lines) and then moving the
second wire from the location point along a downward
diagonal line by £ ; and step E-2 of spacing a location point
from a portion formed at step E-1 by moving the second wire
from the end point of step E-1 along a downward diagonal
line by 2¢; step G includes: step G-1 of repeating a zigzag
bent pattern formed by moving the second wire from the
second change point along a downward diagonal line by
I and then moving the second wire from that location point
along an upward diagonal line by £ ; and step G-2 of spacing
a location point from the portion formed at step G-1 by
moving the second wire from the end point of step G-1 along
an upward diagonal line by 2%, and step E alternately
performs step E-1 and step E-2, and step G alternately
performs step G-1 and step G-2.

In this case, the third point 1s located on the same length
division line as the second change point, 1s also located on
the same circumierence division line as an even-numbered
end pomnt of a plurality of end points of step E-1, and
corresponds to a last end point of the plurality of end points
of step E-1 formed 1n a process in which step E-1 and step
E-2 are alternately performed.

Furthermore, the fourth point 1s located on the same
length division line as the second starting point, 1s also
located on the same circumierence division line as an
even-numbered end point of a plurality of end points of step
G-1, and corresponds to a last end point of the plurality of
end points of step G-1 formed 1n a process 1 which step G-1
and step G-2 are alternately performed.

Furthermore, step F includes: step F-1 of bending the
second wire at a third bending point, reached by moving the
second wire from the third point along a downward diagonal
line of tangent lines, which the upper head formation mem-
ber forms with the j1g, by £ (a distance of a diagonal line
extending by one interval between the length division lines
for one mnterval between the circumierence division lines), to
come 1nto contact with the lower bent portion; step F-2 of
repeating a zigzag bent pattern formed by moving the
second wire bent from the third bending point of step F-1
along a downward diagonal line by £ (a distance over which
movement 1s performed from the third bending point to a
location point, which corresponds to a circumierence divi-
s1on line corresponding to a location that is shifted by three
intervals based on a circumierence division line of the third
bending point, among location points on a head length
division line set within the lower head formation member)
along the circumierential surface of the lower curved portion
and then moving the second wire from that location point
along an upward diagonal line by £ along the circumieren-

6

tial surtace of the lower curved portion, thereby returning to
the third bending point; and step F-3 of bending the second
wire at the third bending point, reached again via step F-2,
to come 1nto contact with the circumierential surface of the

5 J1g, and then locating the second wire at the second change

10

15

20

25

30

35

40

45

50

55

60

65

point by moving the second wire from the third bending
point along an upward diagonal line by £.

Moreover, step H includes: step H-1 of bending the
second wire at a fourth bending point, reached by moving
the second wire from the fourth point along a upward
diagonal line of tangent lines, which the upper head forma-
tion member forms with the jig, by £ (a distance of a

diagonal line extending by one interval between the length
division lines for one interval between the circumference

division lines), to come into contact with the upper bent
portion; step H-2 of repeating a zigzag bent pattern formed
by moving the second wire bent from the fourth bending
point of step H-1 along an upward diagonal line by £ (a
distance over which movement 1s performed from the fourth
bending point to the location point, which corresponds to a
circumierence division line corresponding to a location that
1s shifted by three intervals based on the circumierence
division line of the fourth bending point, among location
points on the head length division line set within the upper
head formation member) along the circumierential surface
of the upper curved portion and then moving the second wire
from that location point along a downward diagonal line by
£ along the circumiferential surface of the upper curved
portion, thereby returning to the fourth bending point; and
step H-3 of bending the second wire at the fourth bending
point, reached again via step H-2, to come nto contact with
the circumierential surface of the jig and then locating the
second wire at the second starting point by moving the
second wire from the fourth bending point along an down-
ward diagonal line by £

Advantageous Eflects

The stent manufactured according to the present invention
and configured to connect heterogeneous tissues has the
following eflects:

First, the stent can form a separate bypass that 1s intended
to shorten a path for an instrument, such as an endoscope,
which 1s inserted 1into a human body to perform surgery, and
to 1ncrease accessibility between the heterogeneous tissues.

Second, various types of materials 1n a human body, such
as body fluids, can be easily discharged via the bypass
formed as described above.

Third, the woven structure of wires constituting the body
of the stent 1s formed to have an axial force close to 0 and
a high-level radial force, and thus the stent can maintain an
expanded state for a prolonged period after placement,
thereby providing desirable durability of the bypass that
connects heterogeneous tissues.

Fourth, the heads at the ends of the body are bent and
extend from the body at approximately right angles, and thus
are placed i1n contact with mner sides of heterogeneous
tissues, thereby enhancing separation prevention capability.

Fiith, the shape of intersection of the wires 1s configured
to form a curved line 1n a direction toward the outer end of
each of the heads, and thus areas of contact on the inside
surfaces of tissues are reduced, thereby reducing damage to
the tissues caused by the wires of both head portions.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a plan view showing the structure of a connec-
tion stent according to the present mvention;
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FIG. 2 1s an enlarged view showing the structure of an
upper head within the connection stent according to the
present mvention;

FIG. 3 shows the state in which the connection stent
according to the present invention 1s placed;

FIGS. 4A-4C are front views respectively showing a
component of the configuration of a connection stent manu-
facturing apparatus that 1s used for a method of manufac-
turing a connection stent according to the present mnvention;

FIG. 5 1s a perspective view showing the state 1n which
the connection stent manufacturing apparatus that 1s used for
a method of manufacturing a connection stent according to
the present invention 1s assembled;

FIGS. 6 to 8 are development views illustrating a first
wire lowering step according to the present invention;

FIGS. 9 to 11 are development views 1llustrating a lower
first head formation step according to the present invention;

FIG. 12 1s a development view 1llustrating a first wire
raising step according to the present ivention;

FIGS. 13 to 15 are development views illustrating an
upper first head formation step according to the present
invention;

FIG. 16 1s a perspective view showing the overall inter-
secting and bending states of a first wire on the connection
stent manufacturing apparatus according to the present
invention;

FIG. 17 1s a development view showing the overall
intersecting and bending states of a second wire according to
the present invention;

FIG. 18 1s a perspective view showing the overall inter-
secting and bending states of the first wire and the second
wire on the connection stent manufacturing apparatus
according to the present invention; and

FIG. 19 15 a flowchart showing a method of manufactur-
ing a stent according to the present invention.

MODE FOR INVENTION

Preferred embodiments of the present invention will be
described 1n greater detail with reference to the accompa-
nying drawings. Descriptions of well-known technical por-
tions will be omitted or abridged for brevity of description.

1. Descriptions of Components and Operation of
Connection Stent

Referring to FIGS. 1 to 3, a connection stent 100 accord-
ing to the present invention includes a body 110; an upper
head 120; and a lower head 130.

The body 110 has a plurality of cells formed through
intersection of metallic wires, and 1s provided 1n a hollow
cylindrical shape.

In this case, the shape of the body 110 and the structure
of the plurality of cells, adapted to constitute the body 110
and formed to be opened through the intersection of wires,
are not limited to specific shapes, but may be provided in
various shapes.

The upper head 120 1s formed to extend from one end of
the body 110 to have a diameter larger than that of the body
110.

In this case, as shown 1n FIGS. 1 and 2, with regard to the
shape of the upper head 120, the upper head 120 1s out-
wardly bent and spread from the one end of the body 110,
thereby forming a ring-shaped raised wall, and 1s formed to
extend from the bent and spread portion toward directions
away from the one end of the body 110 1n a shape 1n which
the diameter thereot 1s increased by a predetermined length
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and then 1 a shape in which the diameter thereof 1is
decreased, thereby forming a curved shape.

In other words, more specifically, as shown 1 one
enlarged portion of FIG. 2, the upper head 120 includes: a
first portion 121 bent from the one end of the body 110 and
formed to extend 1n directions away from the outer circum-
terential surface of the body 110; a second portion 122
formed to extend from the first portion 121 toward directions
away 1rom the one end of the body 110 1n a shape 1n which
the diameter thereof 1s increased; and a third portion 123
formed to extend from the second portion 122 toward
directions away from the one end of the body 110 1n a shape
in which the diameter thereof 1s decreased.

In this case, the first portion 121 1s bent from the one end
of the body 110, and 1s bent and formed to extend while
forming a predetermined angle o with the circumierential
surface of the body 110, as shown in FIG. 2, thereby
providing a ring-shaped surface that performs a function,
such as that of a stop protrusion.

Furthermore, the first portion 121 1s bent from the one end
of the body 110 toward directions away from the outer
circumierential surface of the body 110 at an angle ranging
from 85° to 90° with respect to the central axis of the body
110. More specifically, the first portion 121 is preferably
bent at a right angle.

Furthermore, the diameter of the third portion 123 that 1s
decreased from the diameter of one end of the second
portion 122 1s preferably a diameter larger than that of the
body 110 as a result.

The lower head 130 1s formed to extend from the other
end of the body 110 to have a diameter larger than that of the
body 110.

In this case, as shown 1 FIGS. 1 and 2, with regard to the
shape of the lower head 130, the lower head 130 1s out-
wardly bent and spread from the other end of the body 110,
thereby forming a ring-shaped raised wall, and 1s formed to
extend from the bent and spread portion toward directions
away Irom the other end of the body 110 1n a shape 1n which
the diameter thereot 1s increased by a predetermined length
and then 1 a shape in which the diameter thereof 1is
decreased, thereby forming a curved shape.

In other words, more specifically, as shown in another
enlarged portion of FIG. 2, the lower head 130 includes: a
fourth portion 131 bent from the other end of the body 110
and formed to extend in directions away from the outer
circumierential surface of the body 110; a fifth portion 132
formed to extend from the fourth portion 131 toward direc-
tions away Irom the other end of the body 110 1n a shape in
which the diameter thereof 1s increased; and a sixth portion
133 formed to extend from the fifth portion 132 toward
directions away from the other end of the body 110 in a
shape 1n which the diameter thereof 1s decreased.

In this case, the fourth portion 131 1s bent from the other
end of the body 110, and 1s bent and formed to extend while
forming a predetermined angle o with the circumierential
surface of the body 110, as shown in FIG. 2, thereby
providing a ring-shaped surface that performs a function,
such as that of a stop protrusion.

Furthermore, the fourth portion 131 1s bent from the other
end of the body 110 toward directions away from the outer
circumierential surface of the body 110 at an angle ranging
from 85° to 90° with respective to the central axis of the
body 110. More specifically, the fourth portion 131 1s
preferably bent at a right angle.

Additionally, as shown 1n FIG. 1, the fourth portion 131
1s preferably provided in the shape of being bent toward
directions away from the outer circumierence of the body
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110 at the same angle o as the first portion 121 of the upper
head 120 based on the central axis of the body 110 and being
opposite to the first portion 121 of the upper head 120.
Furthermore, the diameter of the sixth portion 133 that 1s
decreased from the diameter of one end of the fifth portion
132 1s preferably a diameter larger than that of the body 110

as a result.

Meanwhile, the upper head 120 and the lower head 130
tormed on both end sides of the body 110 are placed to come
into contact with insides of heterogeneous tissues.

That 1s, the connection stent 100 of the present invention
1s placed between heterogeneous tissues. The placement of
the connection stent 100 1s described 1n greater detail with
reference to FIG. 3. That 1s, the upper head 120 1s placed to
come 1nto contact with the inner wall T1 of a first tissue,
while the lower head 130 1s placed to come 1nto contact with
the 1nner wall T2 of a second tissue.

In this case, the body 110 is provided in the form of a
hollow cylinder, and 1s used as a path that connects hetero-
geneous tissues. More specifically, the body 110 functions as
a bypass for the movement of an endoscope.

In this case, an endoscope may be moved via the bypass
and used to distribute various materials 1n a human body,
such as body fluids 1n the second tissue. In order to facilitate
the movement of such an endoscope, the diameter of the
body 110 1s preferably provided so as to be larger than that
of the endoscope.

Additionally, the upper head 120 and the lower head 130
are provided in a shape in which the portions 122 and 123,
and 132 and 133 that extend from the first portion 121 and
the fourth portion 131, provided so as to be bent and formed
to extend from both ends of the body 110, to directions away
from both ends of the body 110 and complete the shapes of
the heads are provided 1n a shape 1n which the diameter of
the portions 122 and 132 1s increased by a predetermmed
length and then the diameter of the portions 123 and 133 is
decreased, thereby ensuring structural stability 1n the tissues
in which the stent 1s placed.

In other words, the first portion 121 and the fourth portion
131, which are bent at and formed to extend from both ends
of the body 110 toward directions away from the outer
circumierential surface of the body 110 at an angle ranging
from 85° to 90° with respect to the central axis of the body
110, impart stability and higher separation prevention capa-
bility to the connection stent 100 on the inner wall T1 of the
first tissue and the inner wall T2 of the second tissue.

Furthermore, the longitudinal section-based curved and
tapered shapes of the second and third portions 122 and 123
and the fifth and sixth portions 132 and 133, formed to
extend from the first portion 121 and the fourth portion 131
toward directions away from both ends, reduce areas of
contact with the inner wall T1 of the first tissue and the 1nner
wall T2 of the second tissue, thereby minimizing damage to
the tissues attributable to movement during or after the
placement of the connection stent 100.

Furthermore, the connection stent 100 configured as
described above may include a film which surrounds the
inner surface or outer surface of the connection stent 100 and
which has the shape of a hollow cylinder.

In this case, the material of the film may be selected from
among polytetratluoroethylene (PTFE), silicone, polyure-
thane, polyester, polypropylene, polyethylene, polyolefin,
high density polyethylene (HDPE), and expanded-polytet-
rafluoroethylene (ePTFE), but may be selected from the
range ol well-known maternials that are used for films
without any limitation.
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Furthermore, at least one radio-opaque marker (not
shown) may be attached onto the wire circumierential

surface of at least one of the body 110, the upper head 120
and the lower head 130 constituting the connection stent 100
in order to ensure the visibility of the connection stent 100
placed 1n a human body.

In this case, the radio-opaque marker (not shown) ensures
visibility when the connection stent 100 1s inserted nto a
human body via mspection using a radioactive ray, such as
an X ray or the like, and thus the connection stent 100 can
be accurately located 1n a desired region.

2. Descriptions of Method of Manufacturing
Connection Stent

The process of a method of manufacturing a connection
stent according to the present invention will be described 1n
detail below with reference to the flowchart of FIG. 19 and
the drawings of FIGS. 4A to 18.

First, FIGS. 6 to 15 show a structure formed by a {irst wire
and a method of forming the structure, 1n the method of
manufacturing the connection stent 100 by using a connec-
tion stent manufacturing apparatus 200 according to the
practice of the present invention.

In this case, the dotted lines shown in the development
views represent paths of a wire that has moved, and the solid
lines represent paths of the wire that 1s moving at the
corresponding step of each drawing.

Additionally, the connection stent manufacturing appara-
tus 200, which 1s the basis for the manufacturing of the
connection stent 100, 1s provided to include a j1g 210, an
upper head formation member 220, and a lower head for-
mation member 230, as shown 1n FIG. 5.

In this case, 1 the j1g 210, detachable protruding pins P
may be 1nstalled at all respective location points at which
circumierence division lines a,, a,, a5, . . . , a,, and length
division lines b,, b,, by, . . . b,,, Tormed by respectively
equally dividing the circumierence W and length L of a
cylinder having a diameter R identical to that of the body
110 of the connection stent 100 to be manufactured and also
having a predetermined length L, intersect each other.

Furthermore, the upper head formation member 220 1s a
shaping mold that determines the shape of the upper head
120 formed to extend from one end of the body, and 1s fitted
around the circumierential surface of one end side of the j1g
210. Detachable protruding pins may be installed at all
respective location points on a head length division line h,
set along a circumierence on one side, which correspond to
the circumierence division lines.

In this case, the upper head formation member 220
includes: an upper bent portion 221 configured to form a
ring-shaped bottom surface that forms a predetermined
angle with the circumierential surface of the jig 210, thereby
providing a raised wall; and an upper curved portion 222
formed to extend from the upper bent portion 221 toward the
direction of one end of the jig 210 1n a ring shape 1n which
the diameter 1s increased by a predetermined length and then
in a shape 1n which the diameter 1s decreased.

In this case, the head length division line h, set along the
circumierence of one side of the upper head formation
member 220 1s preferably located on the upper curved
portion 222.

Additionally, the lower head formation member 230 1s a
shaping mold that determines the shape of the lower head
130 formed to extend the other end of the body, and is fitted
around the circumierential surface of the other end side of
the j1g 210 to be opposite to the upper head formation
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member 220. Detachable protruding pins may be installed at
all respective location points on a head length division line
h, set along a circumierence on the other side, which
correspond to the circumiference division lines.

In this case, the lower head formation member 230
includes: a lower bent portion 231 configured to form a
ring-shaped bottom surface that forms a predetermined
angle with the circumierential surface of the j1g 210, thereby
providing a raised wall; and a lower curved portion 232
formed to extend from the lower bent portion 231 toward the
direction of the other end of the j1g 210 in a ring shape 1n
which the diameter 1s 1increased by a predetermined length
and then 1n a shape 1n which the diameter 1s decreased.

In this case, a head length division line h, set along the
circumierence of one side of the lower head formation
member 230 1s preferably located on the lower curved
portion 232.

Using the connection stent manufacturing apparatus 200
including the j1g 210, the upper head formation member 220
and the lower head formation member 230, the connection
stent 100 1s manufactured by setting any one of the location
points as a starting point and repeatedly bending and moving,
the first wire 10 upward and downward so that the first wire
10 passes over the protruding pins P located in diagonal
directions from the starting point to thus perform intersec-
tion and form cells.

(1) First Wire Lowering Step <S100>

At the present step, as shown 1n FIGS. 6 to 8, the first wire
10 1s bent and moved 1n a zigzag form from the starting point
S1 (a,/bg) at one end of the jig to a first point F4 (a,./b,,)
at the other end of the jig.

This process includes: a first zigzag movement step of
repeating a zigzag bent pattern formed by moving the first
wire 10 from the first starting point S1 along an upward
diagonal line by £ (the distance of the diagonal line extend-
ing by one interval between the length division lines for one
interval between the circumierence division lines) and then
moving the first wire 10 from the location point a,/b, along
a downward diagonal line by £, as shown in FIG. 6; and a
first spacing step of spacing a location point from a portion
formed at the zigzag movement step by moving the first wire
10 from the end point F1 (a-/b-) of the first zigzag move-
ment step along a downward diagonal line by 2 £, as shown
in FIG. 7.

The first zigzag movement step and the first spacing step
are alternately performed. That is, the first zigzag movement
step and the first spacing step continue to be performed, as
shown 1n FIG. 8. The first wire lowering step S100 ends at
the end point F4 (a, /b, ) of a specific first zigzag movement
step.

As aresult, a first point, which 1s the last location point of
the first wire lowering step S100 and which 1s the starting,
location point of a lower first head formation step S200,
corresponds to a last end point F4 of many end points F1, F2,
F3 and F4 formed in the process in which the first zigzag
movement step and the first spacing step are alternately
performed. The first end point F4 1s located on the same
length division line as a first change point C1 (a2/b10), and
1s located on the same circumierence division line as an
even-numbered end point F2 of many end points F1, F2, F3
and F4 formed in the process in which the first zigzag
movement step and the first spacing step are alternately

performed.

(2) Lower First Head Formation Step

At the present step, there 1s performed a lower first head
formation step of forming a part of the lower head 130 by
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repeating a pattern of bending the first wire 10 1n a zigzag
form from the first point F4, located after the part of the stent
body 110 has been formed during the lowering of the first
wire 10 via step S100, to the first change point C1 (a./b,,)
at the other end of the jig along the circumierential surface
of the lower head formation member 230.

In this process, first, there 1s performed a first lower part
bending step of bending the first wire 10 at a first bending
pomnt R1 (a,/b,,), reached by moving the first wire 10 from

the first point F4 along a downward diagonal line of tangent
lines, which the lower head formation member 230 forms
with the jig 210, by £ (the distance of a diagonal line
extending by one interval between the length division lines
for one 1nterval between the circumierence division lines), to
come 1nto contact with a lower bent portion 231 forming the
ring-shaped bottom surface of the lower head formation
member 230, as shown 1n FIG. 9.

Thereatter, there 1s performed a lower head formation step
of repeating a zigzag bent pattern formed by moving the first
wire 10 bent from the first bending point R1 along a
downward diagonal line by (a distance over which move-
ment 15 performed from the first bending point R1 to the
location point a,/h,, which corresponds to a circumference
division line a, corresponding to a location that 1s shifted by
three intervals based on the circum{ierence division line a, of
the first bending point R1, among location points on the head
length division line h, set within the lower head formation
member 230) along the circumierential surface of the lower
curved portion 232 formed to extend 1n the shape 1n which
the diameter of the lower curved portion 232 1s increased
from the lower bent portion 231 and 1s then decreased, and
then moving the first wire 10 from the location point a,/h,
along an upward diagonal line by £ along the circumieren-
tial surface of the lower curved portion 232, thereby return-
ing to the first bending point R1, as shown 1n FIG. 10.

Finally, there 1s performed a second lower part bending
step of bending the first wire 10, located at the first bending
point R1, to come into contact with the circumierential
surface of the j1g 210 and then locatlng the first wire 10 at
the first change point C1 by moving the first wire 10 from
the first bending point R1 along an upward diagonal line by
£, as shown 1n FIG. 11, thereby ending the lower first head
formatlon step S200.

(3) First Wire Raising Step <S300>

At the present step, as shown 1n FIG. 12, the first wire 10
1s bent and moved from the first change point C1 at the other
end of the j1g to a second point F'4 (a, ,by) at the one end of
the j1g 1n a zigzag form.

As shown i FIG. 12, this process includes: a second
7Zigzag movement step ol repeating a zigzag bent pattern
formed by moving the first wire 10 from the change point C1
along a downward diagonal line by ¢ (the distance of a
diagonal line extending by one interval between the length
division lines for one interval between the circumierence
division lines) and then moving the first wire 10 from the
location point a;/b,, along an upward diagonal line by £
and a second spacing step of spacing a location point from
a portion formed at the zigzag movement step by moving the
first wire 10 from the end point F'1 (a,/b,,) of the second
zigzag movement step along an upward diagonal line by 2
.

The second zigzag movement step and the second spacing,
step are alternately performed. That 1s, the second zigzag
movement step and the second spacing step continue to be
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performed, as shown 1n FIG. 12. The first wire raising step
S300 ends at the end point F'4 (a,,/b,) of a specific second
Zigzag movement step.

As a result, a second point, which 1s the last location point
of the first wire raising step S300 and which 1s the starting
location point of the first head formation step S400, corre-
sponds to the last end point F'4 of many end points F'1, F'2,
F'3 and F'4 formed 1n the process in which the second zigzag
movement step and the second spacing step are alternately
performed. The second point F'4 1s located on the same
length division line as the first starting point S1, and 1is
located on the same circumierence division line as an
even-numbered end point F'2 of many end points F'1, F'2,
F'3 an F'4 formed 1n the process 1n which the second zigzag
movement step and the second spacing step are alternately
performed.

(4) Upper First Head Formation Step <S400>

At the present step, there 1s performed an upper first head
formation step of forming a part of the upper head 120 by
repeating a pattern ol bending the first wire 10 1n a zigzag
form from the second point F'4, located after a part of the
stent body 110 has been formed during the raising of the first
wire 10 via step S300, to the first starting point S1 at the one
end of the j1g along the circumierential surface of the upper
head formation member 220.

In this process, first, there 1s performed a first upper part
bending step of bending the first wire 10 at a second bending
point R'1 (a,/b,), reached by moving the first wire 10 from
the second point F'4 along an upward diagonal line of
tangent lines, which the upper head formation member 220
forms with the j1g 210, by £ (the distance of a diagonal line
extending by one interval between the length division lines
for one 1nterval between the circumierence division lines), to
come 1nto contact with an upper bent portion 221 forming
the ring-shaped bottom surface of the upper head formation
member 230, as shown 1n FIG. 13.

Thereafter, there 1s performed an upper head formation
step of repeating a zigzag bent pattern formed by moving the
first wire 10 bent from the second bending point R'1 along
an upward diagonal line by £ (a distance over which move-
ment 1s performed from the second bending point R'1 to the
location point a,/h,, which corresponds to a circumierence
division line a, corresponding to a location point that is
shifted by three intervals based on the circumierence divi-
s1on line a, of the second bending point R'1, among location
points on the head length division line h, set within the upper
head formation member 220) along the circumierential
surface of the upper curved portion 222 formed to extend 1n
the shape 1n which the diameter 1s increased from the upper
bent portion 221 and 1s then decreased, and then moving the
first wire 10 from the location point a,/h,, along an upward
diagonal line by { along the circumierential surface of the
upper curved portion 222, thereby returning to the second
bending point R'1, as shown 1n FIG. 14.

Finally, there 1s performed a second upper part bending
step of bending the first wire 10, located at the second
bending point R'1, to come into contact with the circumier-
ential surface of the jig 210 and then locating the first wire
10 at the first starting point S1 by moving the first wire 10
from the second bending poimnt R'1 along a downward
diagonal line by £, as shown 1n FIG. 15, thereby ending the
upper lirst head formation step S400.

The first wire 10 having returned to the first starting point
S1 as described above 1s connected via welding or the like
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as a finshing process, as shown 1n FIG. 15, thereby forming
the 1internal structure of the part of the connection stent 100.

In this case, in order to provide structural stability and
suilicient expansion capability to the connection stent 100
formed via the above-described process, another second
wire 20 1s woven based on a diflerent second starting point
S2 (ay/by) 1 the same manner, thereby manufacturing a
connection stent 100 having a reinforced shape. A detailed
method related to this will be described as follows.

A method of further manufacturing the connection stent
100 using the second wire 20 according to the present
invention will be described with a focus on differences with
the method of manufacturing the connection stent 100 using
the first wire 10. Redundant descriptions will be abridged
and omitted.

(5) Second Wire Lowering Step <S500>

At the present step, as shown 1n FIG. 17, the second wire
20 1s bent and moved 1n a zigzag form from the second
starting point S2 (a,/bg) at the one end of the j1g to a third
point 14 (a,/b,,) at the other end of the jig.

In this case, the second starting point S2 1s located to be
spaced apart by a predetermined interval based on the
circumierence division lines, on an 1dentical length division
line on which the first starting point S1 1s located. More
specifically, the second starting point S2 preferably corre-
sponds to a location point, which 1s shifted 1n a circumier-
ential direction by an odd number of circumiference division
lines, on the 1dentical length division line on which the first
starting point S1 1s located.

In this case, since a description of the methodological
feature 1n which a part of the body 110 1s formed by
alternately performing a third zigzag movement step and a
third spacing step within the second wire lowering step S500
corresponds to the description of the methodological feature
of the first wire lowering step S100 using the first wire 10
according to the present invention 1n the same manner, a
detailed description thereof 1s omitted.

(6) Lower Second Head Formation Step <S600>

At the present step, as shown 1n FIG. 17, there 15 per-
formed a lower second head formation step of forming a part
of the lower head 130 by repeating a pattern of bending the
second wire 20 in a zigzag form from the third point 14,
reached after the part of the stent body 110 has been formed
during the lowering of the second wire 20 via step S500, to
the second change point ¢l (a,/b,,) at the other end of the
11g along the circumierential surface of the lower head
formation member 230.

In this case, since a description of the methodological
feature of the lower second head formation step S600 1n
which a part of the lower head 130 1s formed by bending the
second wire 20 and causing the second wire 20 to 1ntersect
in a zigzag form using the lower head formation member
230 corresponds to the description of the methodological
teature of the lower first head formation step S200 using the
first wire 10 according to the present mvention, a detailed
description thereof 1s omuitted.

(7) Second Wire Raising Step <S700>

At the present step, as shown 1 FIG. 17, the second wire

20 1s bent and moved from the second change point cl,
reached via step S600, at the other end of the jig to a fourth
point 1'4 (a,/by) at the one end of the jig 1n a zigzag form.
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In this case, since a description of the methodological
feature 1n which a part of the body 110 i1s formed by
alternately performing a fourth zigzag movement step and a
fourth spacing step within the second wire raising step S700
corresponds to the description of the methodological feature
of the first wire raising step S300 using the first wire 10
according to the present mnvention in the same manner, a
detailed description thereof 1s omitted.

(8) Upper Second Head Formation Step <S800>

At the present step, as shown in FIG. 17, there 1s per-
formed an upper second head formation step of forming a
part of the upper head 120 by repeating a pattern of bending,
the second wire 20 1n a zigzag form from the fourth point 1'4,
reached after a part of the stent body 110 has been formed
during the raising of the second wire 20 via step S700, to the
second starting point S2 at the one end of the j1g along the
circumierential surface of the upper head formation member
220.

In this case, since a description of the methodological
teature of the upper second head formation step S800 1n
which a part of the upper head 120 1s formed by bending the
second wire 20 and causing the second wire 20 to 1ntersect
in a zigzag form using the upper head formation member
220 corresponds to the description of the methodological
teature of the upper first head formation step S400 using the
first wire 10 according to the present mvention, a detailed
description thereof 1s omatted.

The second wire 20 having returned to the second starting,
point S2 as described above 1s connected via welding or the
like as a finishing process, as shown in FIG. 17, thereby
forming the external structure of the part of the connection
stent 100.

Furthermore, the internal structure formed by the first
wire 10 and the external structure formed by the second wire
20 constitute a single overall connection stent 100 as a

result, as shown 1n FIGS. 18 and 1.

3. Description of Features of Manufactured Stent

In the case of the connection stent 100 manufactured by
the method of manufacturing a stent according to the present
invention, a structure 1s formed through 1ntersection via the
described method, and thus areas constituting the compo-
nents of the connection stent 100 have individual structural
features.

More specifically, as shown 1 FIGS. 17 and 18, in the
body 110 of the connection stent 100, the intersections of the
wires located on specific circumierence division lines a,, a,,
as and a, from 1ntersections 30 without merging, while the
intersections of the wires on the remaining circumierence
division lines are 1n a form in which the wires are hooked
around both sides of the protruding pins P, thereby forming
ring-shaped portions 35.

In this case, the wires intersect each other 1n a form 1n
which the wires are hooked around each other on the
remaining portions, exclusive of the specific circumierence
division lines a,, a,, a; and a,, and empty portions are
formed at the centers of the intersections by the protruding
pins P, thereby forming the ring-shaped portions 35, as
shown 1n the enlarged view of FIG. 18. These ring-shaped
portions 35 provide spaces sullicient for changes in the
shapes of cells in the case where the overall structure
changes when the body 110, configured to connect hetero-
geneous tissues and form a bypass, 1s placed.
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Furthermore, when a hollow cylindrical stent 1s 1mple-
mented by connecting both ends of the connection stent 100

in the development view shown in FIG. 17, circumierence
division lines a, and a, face each other and circumierence
division lines a, and a, face each other. The intersections of
the wires on the two pairs of the facing circumierence
division lines a, and ag, and a, and a, form intersections 30.
The implemented stent has suflicient variability so that 1t can
be placed between heterogeneous 1s tissues 1n a human body
and then can form a bypass 1n accordance with the individual
shapes of the tissues, and provides suflicient expansion
capability to maintain a predetermined diameter for a pro-
longed period after the stent has been expanded.

In other words, the body 110 of the connection stent 100
manufactured by the manufacturing method according to the
present invention appropriately forms a bypass between
heterogeneous tissues based on the high-level tlexibility
thereof. The body 110 of the connection stent 100 exhibits
axial force, acting 1n the axial direction of the stent, close to
0, and also exhibits high-level radial force acting to expand
the stent outward. Accordingly, excellent durability attrib-
utable to the low fatigue of the wires can be achieved, and
thus an inner cavity can be ensured inside a constricted
region and an expanded state can be maintained for a
prolonged period after the placement of the stent.

Additionally, the upper and lower heads 120 and 130
having the ring-shaped raised walls 121 and 131 and the
curved head appearances 122 and 132 are formed via the
upper head formation member 220 and the lower head
formation member 230, and thus advantages can be
achieved 1n that the upper and lower heads 120 and 130
disposed inside heterogeneous tissues, respectively, can
ensure suflicient separation prevention capability and the
degree of damage to the tissues that may occur when the
wire constituting the head portions comes 1nto contact with
the 1nner surfaces of the tissues can be reduced.

The embodiments disclosed 1in the present invention are
not intended to limit the technical spirit of the present
invention, but are intended to illustrate the technical spirit of
the present invention.

The scope of the technical spirit of the present invention
1s not limited by the embodiments. The range of protection
of the present mvention should be based on the attached
claims. All techmical spirits that fall within a range equiva-
lent to the claims should be interpreted as being included 1n
the range of rights of the present invention.

DESCRIPTION OF REFERENCE SYMBOLS

100: connection stent

110: body

120: upper head

121: first portion

122: second portion

123: third portion

130: lower head

131: fourth portion

132: fifth portion

133: sixth portion

200: connection stent manufacturing apparatus
210: j1g

220: upper head formation member
221: upper bent portion

222: upper curved portion

230: lower head formation member
231: lower bent portion
232: lower curved portion
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P: protruding pin

10: first wire

20: second wire

30: mtersection portion
35: ring-shaped portion

The 1nvention claimed 1s:

1. A method of manufacturing a connection stent, the
method being configured to form cells through ntersection
of at least one wire while moving the wires from a starting
point, as which any one reference location point 1s set,
upward and downward so that the wire passes over protrud-
ing pins located in diagonal directions by using a jig 1n
which detachable protruding pins are installed at all respec-
tive location points at which circumiference division lines
and length division lines, formed by equally dividing a
circumierence (W) and length (L) of a cylinder having a
diameter (R) 1dentical to that of the body of the connection
stent to be manufactured, Intersect each other, the method
comprising;

step A of forming a part of a first body by bending and

moving a first wire from a first starting point at one end
of the j1g to a first point at a remaining end of the j1g
in a zigzag form;

step B of forming a lower first head by repeating a patter

of bending the first wire 1n a zigzag form from the first
point to a first change point at the remaining end of the
11g along a circumierential surface of a lower head
formation member which 1s fitted around a one end-
side circumierential surface of the j1g to protrude and 1n
which detachable protruding pins are installed at all
location points corresponding the circumierence divi-
sion lines on a head length division line set along one
side circumierence;

step C forming a part of the first body by bending and

moving the first wire from the first change point to a
second point at the one end of the j1g 1n a zigzag form:;
and

step D of forming an upper first head by repeating a

pattern of bending the first wire in a zigzag form from
the second point to the first staring point along a
circumierential surface of an upper head formation
member which 1s fitted around an remaining end-side
circumierential surface of the jig to protrude and be
opposite to the lower head formation member and 1n
which detachable protruding pins are installed at all
location points corresponding the circumierence divi-
sion lines on a head length division line set along one
side circumference,

wherein:

step A comprises:

step A-1 of repeating a zigzag bent pattern formed by

moving the first wire from the first starting point

along an upward diagonal line by £ and then moving

the first wire from that location point along a down-

ward diagonal line by £, wherein £ 1s a distance of

the diagonal line extending by one interval between

the length division lines for one interval between the
circumfierence division lines; and

step A-2 of spacing a location point from the portion

formed at step A-1 by moving the first wire from the
end point of step A-1 along a downward diagonal
line by 2¢;
step C comprises:
step C-1 of repeating a zigzag bent pattern formed by
moving the first wire from the first change point
along a downward diagonal line by £ and then
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moving the first wire from that location point along
an upward diagonal line by {; and

step C-2 of spacing a location point from the portion
formed at step C-1 by moving the first wire from the
end point of step C-1 along an upward diagonal line
by 2¢; and

step A alternately performs step A-1 and step A-2, and

step C alternately performs step C-1 and step C-2.

2. The method of claim 1, wherein the first point 1s located
on the same length division line as the first change point, 1s
also located on the same circumierence division line as an
even-numbered end point of a plurality of end points of step
A-1, and corresponds to a last end point of the plurality of
end points of step A-1 formed 1n a process 1n which step A-1
and step A-2 are alternately performed.

3. The method of claim 1, wherein the second point 1s
located on the same length division line as the first starting
point, 1s also located on the same circumierence division line
as an even-numbered end point of a plurality of end points
of step C-1, and corresponds to a last end point of the
plurality of end points of step C-1 formed 1n a process in
which step C-1 and step C-2 are alternately performed.

4. The method of claim 1, wherein step B comprises:

step B-1 of bending the first wire at a first bending point,

reached by moving the first wire from the first point
along a downward diagonal line of tangent lines, which
the lower head formation member forms with the jig,
by £, to come into contact with a lower bent portion
forming a ring-shaped bottom surface of the lower head
formation member, wherein £ 1s a distance of a diago-
nal line extending by one interval between the length
division lines for one interval between the circumier-
ence division lines;
step B-2 of repeating a zigzag bent pattern formed by
moving the first wire bent from the first bending point
along a downward diagonal line by £' along a circum-
ferential surface of a lower curved portion formed to
extend 1n a shape in which a diameter of the lower
curved portion 1s increased from the lower bent portion
of the lower head formation member and 1s then
decreased and then moving the first wire from the
location point along an upward diagonal line by €'
along the circumierential surface of the lower curved
portion, thereby returning to the first bending point,
wherein £' 1s a distance over which movement 1s
performed from the first bending point to a location
point, which corresponds to a circumierence division
line corresponding to a location that 1s shifted by three
intervals based on a circumierence division line of the
first bending point, among location points on a head
length division line set within the lower head formation
member; and
step B-3 of bending the first wire at the first bending point,
reached again via step B-2, to come mnto contact with
the circumierential surface of the j1g, and then locating
the first wire at the first change point by moving the first
wire from the first bending point along an upward
diagonal line by £.
5. The method of claim 1, wherein step D comprises:
step D-1 of bending the first wire at a second bending
point, reached by moving the first wire from the second
point along a upward diagonal line of tangent lines,
which the upper head formation member forms with the
11g, by £, to come into contact with an upper bent
portion forming a ring-shaped bottom surface of the
upper head formation member, wherein £ 1s a distance
of a diagonal line extending by one interval between




US 10,617,421 B2

19

the length division lines for one interval between the
circumference division lines:

step D-2 of repeating a zigzag bent pattern formed by
moving the first wire bent from the second bending
point of step D-1 along an upward diagonal line by £
along a circumierential surface of an upper curved
portion formed to extend in a shape 1n which a diameter
of the upper curved portion 1s increased from the upper
bent portion of the upper head formation member and
1s then decreased, and then moving the first wire from
that location point along an upward diagonal line by £
along the circumierential surface of the upper curved
portion, thereby returning to the second bending point,
wherein £' 1s a distance over which movement 1is
performed from the second bending point to the loca-
tion point, which corresponds to a circumierence divi-
s1on line corresponding to a location that 1s shifted by
three intervals based on the circumierence division line
of the second bending point, among location points on
the head length division line set within the upper head
formation member; and

step D-3 of bending the first wire at the second bending
point, reached again via step D-2, to come into contact
with the circumierential surface of the jig and then
locating the first wire at the first starting point by
moving the first wire from the second bending point
along a downward diagonal line by £.

6. The method of claim 1, further comprising:

step E of forming a part of a second body by bending and
moving a second wire 1n a zigzag form from a second
starting point at the one end of the jig to a third point
at the remaining end of the j1g;

step F of forming a lower second head by repeating a
pattern of bending the second wire 1n a zigzag form
from the third point to the second change point at the
remaining end of the jig along the circumierential
surface of the lower head formation member:

step G of forming a part of the second body by bending
and moving the second wire from the second change
point to a fourth point at the one end of the jig 1n a
zigzag form; and

step H of forming an upper second head by repeating a
patter of bending the second wire 1n a zigzag form from
the fourth point to the second starting point along the
circumierential surface of the upper head formation
member:;

wherein the second starting point 1s located so as to be
spaced apart by a predetermined interval based on the
circumierence division lines, on an identical length

division line on which the first starting point is located.
7. The method of claim 6, wherein the second starting

point corresponds to a location, which i1s shifted in a
circumierential direction by an odd number of circumier-
ence division lines, on the i1dentical length division line on
which the first starting point 1s located.
8. The method of claim 6, wherein:
step E comprises:
step E-1 of repeating a zigzag bent patter formed by
moving the second wire from the second starting
point along an upward diagonal line by £ and then
moving the second wire from that location point
along a downward diagonal line by £, wherein £ 1s
a distance of the diagonal line extending by one
interval between the length division lines for one
interval between the circumference division lines:
and
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step E-2 of spacing a location point from the portion
formed at step E-1 by moving the second wire from
the end point of step E-1 along a downward diagonal
line by 2¢;

step G comprises:

step G-1 of repeating a zigzag bent pattern formed by
moving the second wire from the second change
point along a downward diagonal line by £ and then
moving the second wire from that location point
along an upward diagonal line by £; and

step G-2 of spacing a location point from the portion
formed at step G-1 by moving the second wire from
the end point of step G-1 along an upward diagonal
line by 2¢; and

step E alternately performs step E-1 and step E-2, and step

(G alternately performs step G-1 and step G-2.

9. The method of claim 8, wheremn the third point 1s
located on the same length division line as the second
change point, 1s also located on the same circumierence
division line as an even-numbered end point of a plurality of
end points of step E-1, and corresponds to a last end point
of the plurality of end points of step E-1 formed 1n a process
in which step E-1 and step E-2 are alternately performed.

10. The method of claim 8, wherein the fourth point 1s
located on the same length division line as the second
starting point, 1s also located on the same circumierence
division line as an even-numbered end point of a plurality of
end points of step G-1, and corresponds to a last end point
of the plurality of end points of step G-1 formed 1n a process
in which step G-1 and step G-2 are alternately performed.

11. The method of claim 6, wherein step F comprises:

step F-1 of bending the second wire at a third bending

point, reached by moving the second wire from the
third point along a downward diagonal line of tangent
lines, which the upper head formation member forms
with the j1g, by ¥, to come 1nto contact with the lower
bent portion, wherein £ 1s a distance of a diagonal line
extending by one interval between the length division
lines for one interval between the circumierence divi-
sion lines;

step F-2 of repeating a zigzag bent pattern formed by

moving the second wire bent from the third bending
point of step F-1 along a downward diagonal line by £
along the circumierential surface of the lower curved
portion and then moving the second wire from that
location point along an upward diagonal line by £
along the circumiferential surface of the lower curved
portion, thereby returning to the third bending point,
wherein £' 1s a distance over which movement 1is
performed from the third bending point to a location
point, which corresponds to a circumierence division
line corresponding to a location that 1s shifted by three

intervals based on a circumierence division line of the
third bending point, among location points on a head
length division line set within the lower head formation
member; and

step F-3 of bending the second wire at the third bending
point, reached again via step F-2, to come into contact
with the circumiferential surface of the jig, and then
locating the second wire at the second change point by
moving the second wire from the third bending point
along an upward diagonal line by £.

12. The method of claim 6, wherein step H comprises:

step H-1 of bending the second wire at a fourth bending
point, reached by moving the second wire from the
fourth point along an upward diagonal line of tangent
lines, which the upper head formation member forms
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with the j1g, by £, to come into contact with the upper
bent portion, wherein £ 1s a distance of a diagonal line
extending by one interval between the length division
lines for one interval between the circumierence divi-
sion lines: 5

step H-2 of repeating a zigzag bent pattern formed by
moving the second wire bent from the fourth bending
point of step H-1 along an upward diagonal line by £
along the circumierential surface of the upper curved
portion and then moving the second wire from that 10
location point along a downward diagonal line by £
along the circumierential surface of the upper curved
portion, thereby returning to the fourth bending point,
wherein £' 1s a distance over which movement 1s
performed from the fourth bending point to the location 15
point, which corresponds to a circumiference division
line corresponding to a location that 1s shifted by three
intervals based on the circumierence division line of
the fourth bending point, among location points on the
head length division line set within the upper head 20
formation member; and

step H-3 of bending the second wire at the fourth bending
point, reached again via step H-2, to come into contact
with the circumierential surface of the jig and then
locating the second wire at the second starting point by 25
moving the second wire from the fourth bending point
along a downward diagonal line by €.

¥ H H ¥ ¥
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